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LINEWIDTH OF NONORIENTED POLYCRYSTALLINE HEXAGONAL FERRITES WITH

LARGE MAGNETIC ANISOTROPY FIELDS

Isidore Bady

Gilbert McCall

DA Task No. 3A99-15-006-02

Abstract

Theoretical calculations are made of the linewidth of nonoriented, polverystalline, hexagon
ferrites with large magnetic anisotropy fields, including both uniaxial and planar ferrites. The
motivation for this work arises from an attempt to find an explanation as to why oriented
poiverystelline uniaxial ferrites have been found to have, in general, much wider linewidth than
that of planar ferrites.

The nonoriented ferrites are considered to be composed of crystallites whose C axes are
random!y oriented over all possible solid angles. For a given biasing field. the solid angle
is calculated within whick the C axis of & crvstallite must lie in order that its resonant freauency
wiil ciffer from the test frenuency by o chosen amount. All crvstallites within this angle are
presumec to abscrt energy enually: all other crystallites are presumed not to absorb any energy.
The loss term of susceptibility is proportional to . . and a linewidth can be calculated. It
i= shown that the linewidth of a nonoriented uniaxizl ferrite is considerably wider than the line-
width of a nonoriented planar ferrite. Since imperiect orientation is a major contributor to the
linewiZth of criented Lexagonel ferrite it is seen that imperfect orientation will affect the
Bnewidth of uniexisl ferrites far more than thet of plenar ferrites. This is supported by test data
wiieh show that rnonoriented plunar ferrites can Lhave s linewidth considerably narrower than the
nerros est newidth ebtained with ortented uniaxizal ferrites,

T
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LINEWIDTH OF NONORIENTED POLYCRYSTALLINE HEXAGONAL FERRITES
WITH LARGE MAGNETIC ANISOTROFY FIELDS

INTRODUCTION

Data on the linewidth of oriented, polycrystalline, hexagonal ferrites
with large magnetic anisotropy fielcs have shown that uniaxial ferrites
(easy direction of magnetization aloag the C axis) have a considerably larger
linewidth than that of planar ferrit-s (easy plane of magnetization perpen-
dicular to the C axis). For example, in work performed at Philipsion uni-
axial barium and strontium ferrites of magnetoplumbite structure with alu-
minum or titanium-cobalt substitutions, the linewidth varied over a range of
1600 to 3300 oersteds for materials with anisotropies ranging from TOOO to
52,000 oersteds. There-was no strong cgrrelation between linewidth and an-
isotropy field. In work done at Sperry~ on uniaxial nickel-W compounds with
cobalt substitutions, linewidth ranged from 2200-3000 oces for materials with
anisotropies ranging from 7000 to 12,800 ocersteds. On the other hand, in
work performeg by RCA on planar ferrites, s linewidth as low as 110 ocersteds
was ObtaiEEd: and a large number of compounds had a linewidti less than 500
oersteds.

It is very unlikely that the large linewidth of polycrystalline uniaxial
ferrites is due to the crystallite'’s linewidth. Though relatively little work
has been done on single crystals of hexagonal ferrites, g linewidth of 50
oersteds was achieved on a single crystal of barium ferrited and on a single
crystal of aluminum substituted strontium ferrite.® A linewidth of 18
oersteds was obtained on a single crystal of planar ferrite ZnQY.T However,
there has been considerably more research done on single crystals of ZnoY
ferrites than on those of uniaxial ferrites to reduce linewidth.

A msjor contribution to the linewidth of oriented hexagonal ferrites,
both of uniaxial and planar types, was considered to be imperfect orien-
tation. It was therefore desi--ble to study the extreme case of imperfect
orientation, i.e., completely nonoriented materials, and compare the theo-
retically calculated linewidths of the unlaxial and planar ferrites for this
case.

METHOD OF CALCULATION

This sectlon contains only & brief outline of the method used to calcu-
late the linewldth of the nonoriented uniaxial and planar ferrites. A de-
tailed procedure is included in the appendix.

The nonoriented territe was asstmed to be composed of small, single-
domain crystallites whose C axes were randomly oriented over all possible
solld angles. It was further assumed that the crystallites d4id not interact
with each other. Demagnetizing factors were disregarded for the sake of
simplicity.
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Let us consider a resonant cavity containing the nonoriented ferrite.
A biasing fileld is applied in a direction perpendicular to the rf magnetic
field in the cavity. The resonant frequency of each crystallite will be
determined by its anisotropy field, the biasing field, and the'argle ky ts
C axis makes with the biasing field. At one particular angle qu for a
given biasing field, the resonant frequency of the crystallite will be exact-
ly the same as the test frequency and have the maximm interacticn with the
cavity. As the angle of the C axis departs from ('l , the resonant fre-
quency becomes jncreasingly different from the test frequency, and the inter-
action with the cavity decreases. We calculate the angles (4 and (/5
between which a crystallite must lle in order that its resonant frequency
will differ from the test frequenc, by no more than a chosen amount. All
crystallites within this angle are presumed to absorb energy equally; all
other crystallites are presumed not to absorb energy. Let JL be the solid
angle subtended between the cones defined by ] and 011, . The loss
term of magnetic susceptibility is proportio to -/, and therefore a plot
of /L vs biasing field is a plot Of the relative value of "} ", the loss
term of susceptibility, vs bilasing field. The linewidth is readily deter-
mined from such a curve.

DISCUSSION

A plot of X" (relative) for a nonoriented uniaxial ferrite is shown
in Fig. 1, and plots for nonoriented planar ferrites are shown in Fig. 2.
The abscissa in both figures is the shifted bilasing field H,-Hp, where

Hy is the applied biasing field and Hy is the biasing field required for
ferromagnetic resonance for a crystallite whose easy direction is parallel to
the biasing field (for the uniaxial ferrite) or whose easy bplane is parallel
to the biesing field (for the planar ferrite).

A comparison of Fig. 1 and 2 shows that the linewidth of the nonoriented
uniaxial ferrite is indeed very much larger than that of the planar ferrite.
The most sultable comparison is between curve I of Fig. 2 and the curve in
Fig. 1, since both have approximately the same value of anisotropy field and
the same velue of H,.. We note that the linewidth of the uniaxiel ferrite is
almost five times that of the planar ferrite.

The relatively narrow linewidthsof nonoriented planar ferrites has been
contirmed experimentally. Schlomann® has reported a linewidth of 500 oersteds
f¢r a nonoriented zinc Y., Of six nonoriented plenar ferrites measured here
three had linewidths of 1500 ocersteds or less. t is interesting to find
that completely nonoriented planar ferrites can have a linewidth narrower

vihan the nuarrowest linewidth that has up to now been obtained --ith criented
volyvrrstalline uniaxdal Territes.

An understanding as to why the linewidth of nonoriented uniaxial ferrites
is so much greater than that of nonorggnted planar- ferrites can be obtained
frem the following reasoning. The magnitude of /L and hence the megnitude
of the loss term of the susceptibility are proporti-nal to two factors.

Factor 1 is the magnitucée of | w/'-'Q%L/ ; factor 2 is the s50lid angle

o
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'J £  subtended between the cones defined by and + A
> - N T N
vhere 1:>Ly/L is a small increase in Wh .

Let us consider the variation of the two factors as a function of
biasing field. Factor 1 is maximm when the biasing field is such that
crystallites that are at ferromagnetic resonance are those whose easy di-
rection of magnetization, or easy plane of magnetization (as applicable), is
parallel to the biasing field. This biasing field has previously been desig-
nated as H,.. Factor 1 decreases as the bilasing field is igcreased byeond H..
Thus, factor 1 is relatiyely large when is close to O° for the uniaxi
ferrites and close to 90  for the planar Territes.

The solid angle subtended between the cones defined by QJL and (n
+ A\, is proportional to sin YA . Thus, factor 2 is small for biasing
ields close to the H,. for uniaxial ferrites and increases as the biasing
field is increased beyond Hn.. Im the case of plenar ferrites, factor 2 is
large for bimsing fields close to Hy and decreases &5 the biasing field is
inercased beyond Hy.

Thus, in the case of uniaxial ferrites, as the biasing {leld is in-
creasec beyond H,, factor 1 cecreases anc factor 2 increases. This tends to
reduce the dependence of - on H- as the biasing field is increased beyond
Hw, 2nd results in a relelively broad linewicth. 1In the case of the rlanar
ferrites, however, boih factors are large in the vicinity of H,, and both
decrease as the biasing field is increased beyond HE... Thus, there is & rela-
-+ 2 s - - AT 3 (P U o - . .
tively sharp peek of /L in the vicinity of H., end this results in e rele-
Tively nerrow Illnewiath,.

CCLICLUSIOCIS
necretical celculaticns sicw thet nonoriented uniaxial ferrites have

a2 rmuch wider linewidil: then that of norcriented plener ferrites. Thug, the

<
Imperfect orientatlion thzt will Ineviiabliy coour when nrocessing oriented
polrerretalliine hexaronal erritec will hove a greater effect on troncenir
he linewidin of uniexizl Territes than thet of planar ferrites. This el-
laing 2t lecesl port o Ln rencon i crlented plangr ferrizes generzlly

naro, Linowadilh that ci crientec uniaxial ferrites. In

» oI CcomIlciely noncriented rvlonar ferrites were tretarced which

Taniialls noverower linewidih then the nerrowest linewictih achiev-

mnolrerrsialline oriented whigxial ferrites,

a3y O
ications,
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APPENDIX: CALCULATION OF THE LINEWIDTH OF NONORIENTED
HEXAGONAL FERRITES

In calculating the linewidth of nonoriented hexagonal ferrites, it
was assumed that the ferrite was composed of small, single-domain, crystal-
lites, whose C axes were randomly oriented over all possible solid angles.
It was further assumed that the crystallites did not interact with each other.
Demagnetizing factors were disregarded for the sake of simplicity.

RESONANCE EQUATION FOR CFYSTALLITES

Uniaxial Ferrites

In order to calculate the linewidth of nonoriented polycrystalline
ferrites, it is necessary to detérmine the resonance equation for a single
crystallite. This will first be donc for s uniaxizal ferrite.

The first sten is to determine the equivelent magnetic field due to the
anisotropy. Let us consider the crystallite shown in Fig. 3. The C axis is
oriented salong the Z direction. The eguilibrium position for the mogneti-
zation is parallel to the C axis. When the magnetization is displaced from
its equilibrivm position by an angle é?, the energy stored is shown in the
following eguation:

F = X i (G (1)

where the dimensions of & and X are energy ver unit volume. K is called
the aniscotrcyy conriant.

voitme cue to the anic
e eguation., This yield

© o
'1
€}
0(1
0
P
3
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and the magnetic moment, the magnitude of the torgue per unit volume due to

Heq is given by

Equating T, and Teq gives

H =25 coo O (1)

2% /\‘/,5

2K/l is generally designeted as H,, the anisotropy field.
is equal to Hg, for small values of & .

we ndote that I, 1
wve ncte that cos & is the ratio of the = corponent ol magneti-
Thus, we can write

The

ers
From Za. (b)),

-~

“

(1),
Froz Fig. 3,

caticn to the totel magnetization, i.e., cot @ = L/l

T (k) es,

(5)

t above the o,

s wnit vector.
5% us ie reconuace eguction with static ticsing ficlds
o coce, the onmomic ecustion of notion,
— —_—
S 4
. 5 - - -
J _'XLL e = / /)\f{
\ (8)
Q
' — - /\ A % 3
) ; A
) 4
R — A e S Y ~L.//“{ 4.’),“)1
e { i Tt N b
; < : \ "}\)K S A (1 ) R
‘\? —
o A (’
Y [ o o i L T ]
- N R - Loy
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Canpitel letters repres-nl dc components and small letters rf components.
Expanding ihe abcove equation vielas three equations:

jsrhe )= @

S
Moy : f
TR TV T NI 5
, AR 7 = (.
At
)
W oY
RN y . A ' -~ o
- \ “/ \ C (OC,\
Sl D TerTio o were re

CQLSTCLTT LG,

. -~ ~ ~< e . h%Y ~
Wi &ogroun SO ur terms, eech ol

Conclacring the ¢e terme only,

~
(<)
- - P
AY
. . Ll IO oTne IongoTTLon Ll
\ -
“~
.
P
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The resonance equation can be obtained by setting the determinant of
Eq. (8) to zero, including only the rf terms, i.e.,

gﬁ—b’; — ( H:s 1“0(5 HC‘) O

Hg+ He, ofé /%_c/ A~ H, (11)

O B Fi( ; Le
¥

This yielcs

e V[t
H)K(/fx—ozxﬁﬁ)+(ﬁé+a<5m) = -‘37) ‘ (12)

We use the notetion W', in Eq. (12) instcad of to designate thaz
this is the freguency et vhich resonance will occur for given values cf
He, Hy, Ha.

Plenzr Ferritecs

in determining the equ.velent field due to the anisotropy, Fig. '3 can
ce ured.  Whe easy plane of megnetiziation will be taken as the YZ plane;
enee, the equilibrium position of the magnetization is in the YZ plane;
tee, & = 90°, Eguation 1 epplies to planar ferrites too. However, since
ihe cnergy is at o minimm et & = 900, I. is negative for planar ferrites.
Corcesponding to Be. (2), we have

L.

o [ . .

= 1] 2in Eled

D
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Let us now postulate en eyuivalent magnetic field He that will exert
the same torgue. Hepq Will cleurly be oriented in tae YO %1ane, and the
ragnitude of the torgue due to Hpq is given oy

T = H, Moo £,
<t ¢y > (14)

N

Equating Ty and ch gives

! e A . .
H - = ;\J‘:‘i' .2 "'.[ (-/\\ = /L{((‘ ,/f/‘\\\ é;/ (15)

ey
, i)
r /
! £l
e i Al
whers we have written H, for Y
e /s
Hen is oriented eleng the component of magnetization in the YI vplane;
i.e., eYong V..., e can thercfore write
o M*t \ A A
H = H a2 &l S B o B
! e L - /L{ )
- [N feqn it . —
- Al ’M,')’
: ! J (lC)
i /\,’ A
o ‘_'," / __,1"1 « - iﬁ: 2 A ‘)
ol T . = .
/5 /_‘4 \3 _’
S
AR T Lo 1 siatic bilasing fields
U, R oare Boor - comes
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Expending the above equation yields

Je My

- ?7‘3 (H3+Ho,o<5)+o<5H&%

wm .
g.__g‘l - My Hy + i /‘7‘5 + Mx /4(\015
; . i R (18v)
— My H o+ M Ha My Mk _
d X X /73“7“ ,"/5 O
w T+ )
T My Iy N =
X ~ A a C} X =0 (18c)
Equating the de terms in Eq. (18b) to zero yielcus
Q/")‘) _ /7% -Ih H[\';\/% . R )
:\/,X H)\ (19)

The ubove eguation, together with Eq.(10), enmables us to solve fo» ,
o~ a and ~.. , anc so determine the static equilibrium position of' the
nognetizaticn.
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D

The resonance egquation can be determined by setting the determinant of
Eq. (18) to zero, including only the rf terms, i.e.,

Hy+ H A U
148 —
3 3 L_g H, A H,
(20)
¢ Aa-dette | =0.
e __/.;3) O
4
This yields
A . 2
L L /. [ Ceh
T 13 - o 2 — 4
j % i 51 f';(\ JxS)‘f‘(H)(-—-HC\L.\X) .—K 7/ . (21)
Ve use (L in Eq.(21) instead of ({/ for the same reason as given in
comnection with Eq. (12).
CALCULARICH OF LIEWIDTH
Uniaxicl Ferritec
L ]
uniaxial ferrite, vheose linewidtn it
field is avnlied elong the Z' direction,

' (drection.

The biasing field Ky, is

2ar erystellite whose C axis is oriented at an
chosm in Fig. L. For the purpose of determining

- - S ey B
P Yy

PSR SRORE )

AR

1,

1s nececssary to eipress the
ormie or perpendicular o the

of Ege. (9) ana (12).
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Hc e ‘LP
Hc .(L‘v;m LV

For a particular set of values of H,, Hy, and w , there is only one
value of LP at which exact resonance is obtained, i.e., where (W= (Lin
exactly. However, let us permit |y to vary a little on either side of the
value st which exact resonance is obtained, and determine the difference

b= [ —in, /M/I as & function of Y . This is plotted in Fig. 5
for & velue of K, = 8500 oersteds, and [Uy 3/[ = 10,500 oersteds for severzl
values of Hy., TFrom Fig. 5, we note that for a crvstallite whose C exis is
aligned along the direction of the biascing field LP = (O, the biasing
field reguired for resonance is 2000 oersteds.

We will nowv assume that if /LS’ / is less than some chosen value & ,
the crystaliite will absorb energy, and so reduce the Q of the cavity.
Furthermore, we will make the simplifying assumption thet 11 the crystal-
lites that sre criented so that [{/( = absorb an equal emount of energy.
Alsc, it is assumed thet any cr.'stalllte that is oriented so that [{/ >€
will not absort any energy from the cavity, end will not affect the cavitr Q.
Thne choice of & velue for € 1is somewhat arbitrary. A velue of 200 weas
chosen for convenience in calculation.

(" For a particuler vnlue of Hg, let (,U', be the value of (}" at which

= +£ , and let Q}a be the value of QJ at which é' = -£&£ . TFor this
value of H,, the number of crystallites that will absorb energy is pro-
portional to the angle subtended between the cones defined by and qjg.
i.e., to// (PO w d . Thus, the ubsorption and hence t%e loss ’
couvoneﬁt of the susceptibili” ;X" are proportional to the above integral.

+ plot of the relative value orf “X " is shown in Fig. 1. The abscissa in
Pig. 1 is the shifted bviasing field Hy-Hp, where Hyn 1s the field requiredé for
reconance for o crystallite oriented in such e way that its easy direction is
poarallel te the biasing field. Fronm Fig. 1, we see that the linewidth is
sPrroximately 2300 ocersteds.

Figure 1 was replotied with values of & taken as L00 and 120 oersteds.
In both cases, it wes found that the curve of relative absorwmtion differed
very little frco the curve for & = 200 oersteds. Thus, in this cace, the
linevidili was substantially independent of the choice of &€ .

if Ky, E.. aad Hy were all mul‘ liec by & commen facter, it is en-
percnt frem Eq. {(9) ené (10) zres cx); and <3 would be anhanged, end
3o - gy - o & h! i -y 3 2} - 3 Ty e
it arvarent from Lg. {(12) that Ain  would be maltiplied by the scae

™

el



! factor. Hence, if we choose valuesof H, and k€7271 of 8500A oersteds and
lO SOOA oersteds, respectively, wvhere A is some numerical factor, Fig. 5 will
pply, provided 0 and the values of Hy, are each multiplied by A. Since,
as noted sbove, the shape of the curve of relstive ebsorption is relatively
little affected by the value chosen for £ , the linewidth will be pro-

portionael to the factor A.

Planar Ferrites

Consider a sphere of nonoriented planar ferrite whose linewidib it is
desired to measure. The biasin; field H, is applied along the Z' axis, and
the rf nmagnetic field along the Y' axis., The biasing field is varied to
obtain & resonance curve.

Consider a particular cyrstallite whose C axis is oriented at an angle
41 with respect to the Z' exis,.as shown in Fig. 4. For the purpose of
deternining the resononce of this crystallite, it is necessary to express
the biasing fielicd in terms of ccmponents parallel to or perpendicuiar to the
eescy plane. These correspond, respectively, to Hz and Hx of Eq. (19) and (21).
Fren Fig. 4, we note that

}“fﬁ: HU /.)A‘.—'V\ (-!—

4

lLT, frows HL' lag™D / . (23)

We nov ceed in the same menner as we did in the case of the uniaxial
ferrites. a particular set of values of H,, H,, and (/ , there is only
onc value of /' at which exact rescnance is obtalned. However, let us

rermit ' to vary a little on either sicée of the value et which exact reso-

oTo
ror

noncce ic obteinec, and determine the Cererence ¢ = (tta-wlfyl as a
function o 4 . Tais s plotted in Fig. 6 for a velue of H, = 3000

oorsiedy, and [ v o= %LQD oerstecs ICr & series of values of Hy. Similerly,

: Ty for Hy = 9000 oersteds and |Y/rl=

&l a ;, we note thaet for a crystallite oriented
aer rlanc is parallel to the biasing Tield ( w = 90°), the

o sonance is 2210 oersteds in the case of Fig. 6
he cece of Fig. 7.

© the uniexiel Territes, we will essume that if
s’ than come chosen value €, the crystasllite will ebsorb
: i I the cevity, and that all such crystellites will
oI energy. "Also any crvsiallite that is orilented so
[ NG will be acsumed not to gbsc~b eny energy from the cavity.

- . [

WOrh oan oegual cmownt

’._l
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Let us take €& = 200 oersteds, and define Y and ¢ o 8S in the
case of the uniaxial ferrites. The absorption and hence the loss compcnent

of susceptibility " are proportional to
123
i A A
b
Ve note that 'y end (/o are interchanged in this case when compared to

the corresponding expressior for uniaxilal ferrites. Plots of the relative
gbsorption are given in Fig. 2. The abscissa in Fig. 2 is the shifted bias-
ing field Hy - H, where Hyp 1: the field required for resonance for a crystal-
lite orlented so thet its easy plane is parallel to the biasing field. As
noted above, Hp = 2210 and 9000 oersieds for the cases vhere [u4/§1 5000

and 12,750 oersteds, respectively.

In the case of uniaxial ferrites, it was noted that the linewidth was
relatively insensitive to the value of &€ . This is not so in the case of
plenar ferrites. TFor example, for € = 200 oersteds, the linewidth, zs can
be seen from Fig. 2, is 600 oersteds. However, if ¢ vwere chosen as 100
oersteds, the linewidth would be 400 oersteds.

As in the case of the uniaxial ferrites, Fig. 6 and 7 will elso appl
for the case where H, and|w /Y| are both multig:.ied by a fector A, provided
the values [ and of H, are also multiplied b" A. Since the linewidth
varies with & , the llneWIQbh will vary as AR , where n lies between zero
and 1.
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